We have previously reported that thrombin-activatable fibrinolysis inhibitor (TAFI) exhibits intrinsic proteolytic activity toward large peptides. The structural basis for this observation was clarified by the crystal structures of human and bovine TAFI. These structures evinced a significant rotation of the prodomain away from the catalytic moiety when compared with other pro-carboxypeptidases, thus enabling access of large peptide substrates to the active site cleft. Here, we further investigated the flexible nature of the pro-domain and demonstrated that TAFI forms productive complexes with protein carboxypeptidase inhibitors from potato, leech, and tick (PCI, LCI, and TCI, respectively). We determined the crystal structure of the bovine TAFI-TCI complex, revealing that the pro-domain was completely displaced from the position observed in the TAFI structure. It protruded into the bulk solvent and was disordered, whereas TCI occupied the position previously held by the pro-domain. The authentic nature of the presently studied TAFI-inhibitor complexes was supported by the trimming of the C-terminal residues from the three inhibitors upon complex formation. This finding suggests that the inhibitors interact with the active site of TAFI in a substrate-like manner. Taken together, these data show for the first time that TAFI is able to form a bona fide complex with protein carboxypeptidase inhibitors. This underlines the unusually flexible nature of the prodomain and implies a possible mechanism for regulation of TAFI intrinsic proteolytic activity in vivo.
the funnelin tribe of metallopeptidases (2) . The members of this family are subdivided into A/B or N/E MCPs on the basis of primary structure and structural homologies (3) . They are also classified according to their substrate preference for C-terminal hydrophobic (A-type) or basic (B-type) amino acid residues. Thrombin-activatable fibrinolysis inhibitor (TAFI) (EC 3.4.17.20; UniProt Q96IY4) is a paralogue of pancreatic procarboxypeptidase B1 (pro-CPB1), pro-carboxypeptidases A1 (pro-CPA1), and A2 (pro-CPA2) and is also known as plasma pro-carboxypeptidase B2, R, or U (4 -9) . Similarly to other B-type MCPs, TAFI possesses an N-terminal pro-domain that functions as a gatekeeper preventing substrate access to a preformed active site (for a review, see Refs. 2, 3). In human and porcine pancreatic pro-CPB1, access to the active site is completely shielded, resulting in no detectable intrinsic enzymatic activity of the zymogen (10) . This is in contrast to human pro-CPA1 and pro-CPA2, which allow cleavage of small peptide substrates (11) . Equally, pro-carboxypeptidase B from Pacific dogfish and African lungfish exhibit intrinsic activity toward small substrate molecules (12, 13) . Likewise, TAFI interferes with carboxypetidase N assays (14) , and is capable of cleaving larger peptide substrates due to its low but continuous carboxypeptidase activity (15) . These variations in the level of intrinsic activity between the different pro-carboxypeptidases may be explained by structural differences of their activation peptides and the adjustment between pro-domain and mature enzyme moiety (10, 16) . In particular, the presence of a strong salt-bridge between Asp-41 of the pro-domain (human CPB numbering) and a S 1 Ј substrate-binding site residue (Arg-145) in the catalytic moiety of pro-CPB1 has been attributed a central role in explaining the lack of intrinsic activity (17) .
The 92-residue pro-domain of TAFI contains four N-linked glycan structures (18) . This is the only MCP pro-domain that is glycosylated, thus suggesting biological significance. In this context, it has been speculated that the carbohydrates aid in stabilization and solubility of the enzyme and may affect the intrinsic proteolytic activity (15, 19) . In addition, the majority of the identified transglutaminase amine acceptor sites are also located in the pro-domain, thus enabling TAFI to be cross-linked to other proteins during coagulation/fibrinolysis (18, 20, 21) .
The pro-domain of TAFI can be removed by trypsin-like proteases through proteolysis of the Arg-92-Ala-93 peptide bond, forming the mature form, TAFIa (5, (22) (23) (24) (25) (26) . Following this cleavage event, the activity is increased significantly but at the expense of a dramatic decrease in thermodynamic stability, which renders TAFIa inactive within minutes both in vitro and in the bloodstream (5, 25, (27) (28) (29) (30) . During this burst of activity, TAFIa modulates hemostasis by removing surface-exposed lysine residues from the newly formed clot during the fibrinolysis step (5, (22) (23) (24) (25) , thus functioning as an inhibitor of fibrinolysis (7, 27, (31) (32) (33) (34) . TAFIa has also been implicated in other processes including wound healing (35) , blood pressure regulation (36 -38) , inflammation (39, 40) , sepsis (41) , endometriosis (42) , and pulmonary fibrosis (43) .
The crystal structures of human and bovine TAFI revealed the molecular basis for the thermodynamic instability of the mature protease as compared with its related, but more robust pancreatic counterparts (44, 45) . Furthermore, the incentive for the intrinsic proteolytic activity of the protein was revealed. The TAFI pro-domain was partially rotated away from the active site, exposing the catalytic residues to the solvent. Additionally, the corresponding salt-bridge in pro-CPB, located between the pro-domain and the substrate binding site in the catalytic moiety, was missing in TAFI, thus unlocking the active site (44, 45) . Protein inhibitors of MCPs described to date include: potato carboxypeptidase inhibitor (PCI), leech carboxypeptidase inhibitor (LCI), tick carboxypeptidase inhibitor (TCI), Ascaris carboxypeptidase inhibitor (ACI), and latexin (46 -50) . The use of PCI, LCI, and TCI has been shown to delay fibrinolysis during in vitro clot lysis assays through inhibition of TAFIa (3). Latexin, the only reported endogenous inhibitor, inhibits TAFIa in vitro but it is most likely not physiologically relevant as the two proteins are found in different tissues (50) . The recently published structures of bovine and human TAFIa in complex with TCI show structural similarity with the pancreatic carboxypeptidase complexes of this inhibitor (51) (52) (53) . Isolated from the tick, Rhipicephalus bursa, TCI is a physiologically relevant inhibitor of TAFI because ticks are hematophagous animals known to harbor compounds that interfere with the hemostatic system of their hosts.
The recent advances in the studies of the TAFI structure prompted us to explore the flexibility of the pro-domain by using protein inhibitors. Here we show that PCI, LCI, and TCI all bind to TAFI and significantly decrease or abolish its intrinsic proteolytic activity, suggesting that the activation peptide is displaced. This was substantiated by the crystal structure of bovine TAFI in complex with TCI, which revealed that the prodomain was indeed relocated from its original position, no longer shielding the access to the active site. The functional implications of this highly mobile pro-domain are unclear. However, it cannot be ruled out that the position of the activation peptide may be influenced by endogenous factors or conditions, thus unleashing the full proteolytic potential of TAFI. Such a mechanism has not been described hitherto, but must be considered in light of the unusual flexible nature of the pro-domain.
EXPERIMENTAL PROCEDURES
Reagents and Proteins-Hippuryl-Arg, 1,10-phenantroline, cyanuric chloride, and 1,4-dioxane were purchased from Sigma. Human TAFI was purified from normal plasminogen-depleted plasma (Skejby blood bank, Aarhus University Hospital, Denmark) as described previously (5, 18, 26) . Bovine TAFI was purified from one single cow as described previously (52) . Recombinant PCI, LCI, and TCI were produced in Escherichia coli and purified and quantified as previously reported (46, 48) . Human plasminogen was purified by affinity chromatography by using ECH-lysine-Sepharose (GE Healthcare) as described previously (54) . Human TAFI polyclonal rabbit antiserum was raised commercially (Pel-Freez).
Amino Acid Analysis-The concentration of TAFI was determined by quantitative amino acid analysis (55) . The analysis was performed in triplicates by using ϳ2 g of purified bovine or human TAFI. The samples were dried in 500-l polypropylene vials, the lids were punctured, and the vials placed in a 25-ml glass vial equipped with a MinInert valve (Pierce Biotechnology). 200 l of 6 N HCl containing 0.1% phenol was placed in the bottom of the glass and blown with argon before a vacuum was applied. The samples were incubated at 110°C for 18 h. The samples were subsequently re-dissolved in 50 l of 0.2 M sodium citrate loading buffer at pH 2.2 (Biochrom, Cambridge, UK), transferred into microvials and loaded onto a BioChrom 30 amino acid analyzer (Biochrom). Data analysis was performed using in-house developed software.
Inhibition of Intrinsic TAFI Activity by Protein InhibitorsThe ability of PCI, LCI, and TCI to inhibit the intrinsic TAFI activity was analyzed as described previously (19, 21) . Briefly, 15 l of TAFI (0.37 M, final concentration) in 50 mM Tris-HCl, pH 7.5 was titrated using PCI, LCI, or TCI (ranging from 0 to 50 M, final concentration). The samples were incubated for 30 min at 37°C before 30 l of the chromogenic substrate hippurylArg (30 mM) was added. The reaction was allowed to continue for 60 min before 20 l of 1 M HCl was added, followed by 20 l of 1 M NaOH and 25 l of 1 M NaH 2 PO 4 , pH 7.4. Upon addition of 60 l of 6% cyanuric chloride in 1,4-dioxane, the samples were vortexed vigorously and centrifuged at 16,000 ϫ g for 5 min. The supernatants were subsequently transferred to 96-well microtiter plates and the absorbance was measured at 405 nm in a FLUOStar Omega plate reader (BMG Labtech) using the end point mode. All data points were collected in triplicates.
Polyacrylamide Gel Electrophoresis-Proteins were separated by SDS-PAGE in 5-15% polyacrylamide gels (56) . Samples were boiled for 5 min in the presence of 30 mM dithiothreitol and 1% SDS prior to electrophoresis. Some samples were transferred to polyvinylidene diflouride membranes (Immobilon-P, Millipore) (57) and processed for Western blotting using a TAFI polyclonal rabbit antiserum and enhanced chemiluminescence (GE Healthcare). For non-denaturing polyacrylamide gel electrophoresis, samples were analyzed in the same way as described for SDS-PAGE, except that SDS was omitted from all buffers and samples were not boiled nor treated with dithiothreitol. Coomassie Brilliant Blue G (25 mg/l) was added to the upper reservoir buffer to assist in the migration of basic proteins (58) .
Preparation of TAFI-inhibitor Complexes-TAFI (2.5 g)
was incubated with 1 g of PCI, LCI, or TCI for 1 h at 22°C in a final volume of 25 l of 20 mM Tris-HCl, 150 mM NaCl, pH 7.5. Complex formation between the enzyme and the inhibitors was examined by non-denaturing PAGE as described above.
MCP Inhibitor Affinity Chromatography-PCI, LCI, or TCI (2.5-3.5 mg) were coupled to 1 ml of HiTrap NHS-activatedSepharose columns according to the manufacturer's instructions (GE Healthcare). Purified human TAFI (0.1 mg) in 50 mM Tris-HCl, 150 mM NaCl, pH 7.5 (binding buffer) was slowly applied onto each column at 22°C. The flow was stopped for 15 min to allow the inhibitors and TAFI to interact. Additionally, 1 ml of pooled human plasma (from 10 individuals) diluted 5 times in binding buffer containing 5 mM EDTA was applied onto the TCI column in a separate experiment. In both cases the columns were washed extensively with binding buffer before a pH step gradient was applied, including (i) 50 mM TrisHCl, pH 7.5, (ii) 50 mM Tris-HCl, pH 9.0, (iii) 50 mM phosphate buffer, pH 11.0, and (iv) 50 mM phosphate buffer, pH 12.0. Fractions were collected manually and subsequently analyzed by SDS-PAGE stained with Coomassie Blue or processed for Western blotting as described above.
Size-exclusion Chromatography of the TAFI-TCI Complex-TAFI (20 g) and TCI (8 g) were incubated in 50 mM Hepes, 150 mM NaCl, pH 7.5 for 1 h at 22°C. The complex or TAFI alone (20 g) were analyzed by size-exclusion chromatography by using a Superose 12 column (GE Healthcare) equilibrated in 50 mM Hepes, 150 mM NaCl, pH 7.5. The column was connected to an Ä KTAprime System (GE Healthcare). The elution was monitored at 280 nm using a flow rate of 0.3 ml/min, and fractions were collected every min for further analyses.
Surface Plasmon Resonance Spectroscopy-The kinetics of TAFI binding to TCI was examined by surface plasmon resonance analysis using a BIAcore 3000 instrument (Biacore, Sweden). A CM5 sensor chip was activated by N-ethyl-N'-(3-dimethylaminopropyl) carbodiimide and N-hydroxysuccimide as previously described (59), and purified TCI immobilized to a density corresponding to 32 fmol/mm 2 . An activated and blocked flow cell was used as control for nonspecific binding. The binding of TAFI was evaluated in 20 mM Tris-HCl, 100 mM NaCl, 0.005% (v/v) Tween 20, pH 7.5, at the indicated concentrations as determined by absorption at 280 nm. Kinetic parameters were determined by BIAevaluation 4.1 software using a Langmuir 1:1 binding model and simultaneous fitting of all curves in the concentration range.
Isothermal Titration Calorimetry-Binding studies were performed on a MicroCal VP isothermal titration calorimeter at 25°C. The buffer used for both TAFI and TCI was 20 mM TrisHCl, 50 mM NaCl, pH 7.5. TCI at 10 M was titrated in 10-l injections into 0.5 M TAFI. Injection peaks were integrated using the Origin software provided by the calorimeter manufacturer. The integrated heats were progressively summed and fitted by nonlinear least-squares analysis to a one binding site model.
Analysis of TAFI-Protein Inhibitor Complexes by Matrix-assisted Laser Desorption Ionization Time-of-flight Mass Spectrometry (MALDI-TOF MS)-PCI, LCI
, or TCI were added to 10 l of human TAFI (0.1 mg/ml) dissolved in 50 mM Tris-HCl, 150 mM NaCl, pH 7.5, using a protease/inhibitor molar ratio of 1:1. After 20 min of incubation at 22°C, samples were acidified and desalted using C18 Zip-tips (Millipore). All samples were mixed 1:1 (v/v) with matrix solution composed of 10 mg/ml 2,6-dihydroxyacetophenone (Sigma) in 30% acetonitrile containing 20 mM dibasic ammonium citrate, pH 5.5. Aliquots (0.5 l) were spotted on the MALDI-TOF plate using the drieddroplet method and mass spectra were recorded in a Bruker Ultraflex mass spectrometer operated in linear mode. The instrument was calibrated using a protein mixture ranging from 4,000 to 20,000 Da (protein calibration standard I, Bruker Daltonics).
Crystallization of the TAFI-TCI Complex-Approximately 5 mg of bovine TAFI (1 mg/ml in 20 mM Tris-HCl, 200 mM NaCl, pH 7.5) was incubated with 2.5 mg of lyophilized TCI for 20 min at 22°C. The resulting complex was immediately purified by using a HiLoad Superdex 75 26/60 column (GE Healthcare) equilibrated in 30 mM Tris-HCl, 150 mM NaCl, pH 7.5. The complex was concentrated and buffer-exchanged to 10 mM Tris-HCl, 50 mM NaCl, pH 7.5 with an Amicon Ultra-4 concentrator (10 kDa cut-off, Millipore) and a Microcon YM-10 concentrator (Millipore). Crystallization assays were performed following the sitting-drop vapor diffusion method by employing protein complex at 12.5 mg/ml. Structure Solution and Refinement-The structure of bovine TAFI-TCI was solved by Patterson-search methods with program PHASER using all diffraction data up to 6 Å resolution (62) . The structure was solved by using the coordinates of the complex between bovine TAFIa and TCI (PDB 3D4U, (52)) and of the pro-domain of bovine TAFI (PDB 3DGV; (45)) as independent searching models. Two solutions were found for the complex at 88.4, 38.8, 302.6, 0.15, Ϫ0.15, 0.09, and 269.6, 136.4, 290.9, 0.17, 0.16, 0.44, respectively (␣,␤,␥, in Eulerian angles and x,y,z, as fractional unit-cell coordinates; final Z-score 33.9, log-likelihood gain 1450) (62) , and confirmed P4 1 32 as the correct space group. Rigid-body and TLS refinement was subsequently performed for the complex part with REFMAC5 (63) .
Miscellaneous- Fig 
RESULTS

Inhibition of the Intrinsic TAFI Activity by Protein Inhibitors-
Initial studies revealed that the intrinsic proteolytic activity of TAFI was significantly decreased or abolished in the presence of PCI, LCI, or TCI (Fig. 1A) . This finding prompted us to investigate the nature of the interaction between TAFI and the three protein MCP inhibitors. Even though they all decreased the intrinsic activity to a certain degree (Fig. 1A) , only TCI formed a complex that resisted dissociation during non-denaturing PAGE (Fig. 1B) .
Binding of TAFI to Immobilized Protein Inhibitors-The enzyme-inhibitor interaction was further analyzed by affinity chromatography. Purified TAFI was applied to columns with immobilized PCI, LCI, or TCI and subsequently eluted by using a pH step gradient. SDS-PAGE analysis of the collected fractions revealed that TAFI bound to all three inhibitors (Fig. 2A) . The highest affinity was observed for TCI (eluted at pH 12.0), followed by LCI (eluted at pH 11.0), and the lowest affinity was detected for PCI (eluted at pH 9.0). These results are consistent with the notion that both TCI and LCI may have evolved to inhibit TAFI, whereas PCI targets MCPs from the digestive tract of insects (3). The affinity of TCI for non-purified TAFI was investigated by TCI-affinity chromatography of pooled human plasma followed by Western blotting of the eluted fractions using a TAFI antibody (Fig. 2B ). Similar to the purified protein, non-purified TAFI eluted at pH 12.0, suggesting that the interaction was specific. Additionally, FIGURE 1. TAFI inhibition by protein inhibitors. TAFI (0.37 M) cleaved the substrate Hippuryl-Arg at a constant rate, but its activity was strongly impaired upon incubation with increasing amounts of protein inhibitors, PCI (⅐⅐⅐), LCI (⅐Ϫ⅐) or TCI (Ϫ) (panel A). Complex formation between TAFI (2.5 g) and the protein inhibitors (1 g) was further studied by non-denaturing PAGE (panel B). The enzyme (2.5 g) alone and each of the inhibitors (5 g) were included as controls in the gel. PCI alone failed to enter the gel and TCI stained poorly.
FIGURE 2. TAFI binding to matrix-immobilized protein inhibitors. PCI, LCI, and TCI were immobilized separately on a Sepharose matrix and purified human TAFI was applied onto the different columns (panel A).
Upon washing, the columns were eluted with a pH step gradient as described in "Experimental Procedures." The eluted samples were then examined by SDS-PAGE and visualized by Coomassie staining. Purified TAFI (2 g) was used as a control in the gel. Binding of non-purified human TAFI to TCI was verified by loading human plasma to the immobilized inhibitor and detecting TAFI in the eluate by ECL Western blotting (panel B). A portion of the sample (3 l) and purified TAFI (0.03 g) were included as controls on the gels. no binding of TAFI to an "empty" column, i.e. without immobilized inhibitor, was detected (data not shown).
Mass Spectrometry Analysis of the TAFI-Inhibitor Complexes-
The TAFI-inhibitor complexes were dissociated by acidification and analyzed by MALDI-TOF MS. The analysis of released TCI revealed that the C-terminal residue His-75 had been removed, indicating that the interaction with TAFI mimics substrate binding, as observed for the CPA1/B1-TCI interactions (51) (Fig. 3, A and B) . The molecular mass (MH ϩ ) of TCI was at m/z 7910.9 and it included an extra N-terminal Gly residue resulting from the recombinant production system used (46) (Fig. 3C , top spectrum). Upon interaction with TAFI, the majority of TCI displayed an m/z of 7773.7, corresponding to TCI without the C-terminal His-75 residue (Fig. 3B, bottom spectrum) . Similarly, mass spectra of dissociated PCI and LCI revealed that a significant fraction of the C-terminal Gly-39 and Glu-66 residues, respectively, had been removed (data not shown). These results demonstrate unequivocally that TAFI is able to bind and cleave not only peptides, as previously shown (15), but also protein substrates.
Characterization of the TAFI-TCI Complex by Size Exclusion Chromatography, Surface Plasmon Resonance, and Isothermal Titration
Calorimetry-The TAFI-TCI complex eluted a few fractions ahead of free TAFI during size-exclusion chromatography, as confirmed by non-denaturing PAGE (Fig. 4A) . Surface plasmon resonance (SPR) analysis revealed that TAFI bound to TCI in a concentration-dependent manner (Fig. 4B ) with very high affinity (K d 1.8 nM). Interestingly, high-affinity binding was the result of a very low dissociation rate, as evident from the dissociation curve (Fig. 4B) . The nM affinity was confirmed by isothermal titration calorimetry (ITC), which revealed a K d of 19 nM (data not shown). The difference between the two values may be attributed to the effect of immobilization and/or the small ITC signals arising from the sub-M protein concentrations required for saturation data (65) . The values compare well with K d values determined for the interaction of TCI with other A/B-type MCPs (49) . Crystallization of the TAFI-TCI Complex-Because of the heterogeneity of the carbohydrates attached to the pro-domain of human TAFI purified from pooled plasma (18) , bovine TAFI purified from one single cow was used for the structural studies with TCI. The presence of intact complex, i.e. including the pro-domain and the catalytic moiety of TAFI, as well as the inhibitor, was confirmed by both SDS-PAGE and mass spectrometry analyses of carefully washed and dissolved protein crystals (Fig. 5) . These crystals belonged to a highly-symmetric DECEMBER 3, 2010 • VOLUME 285 • NUMBER 49 cubic crystallographic space group and diffracted to low resolution, suggesting high solvent content and/or large disordered polypeptide regions. This is reminiscent of the previously obtained structure of domain II of duck carboxypeptidase D, which contained 80 extra disordered residues at the C terminus (66) . These crystals likewise belonged to a cubic space group (P2 1 3) and displayed large volumes occupied by solvent or disordered polypeptide. However, they diffracted to significantly higher resolution (2.7 Å) than initially expected.
TAFI Is Inhibited by Protein Inhibitors
Crystal Structure Solution of the TAFI-TCI Complex-The structure of TAFI-TCI was solved by Patterson search techniques, assaying several strategies and combination of searching models, which corresponded to 100% identical chemical species: bovine TAFIa, TCI, and the pro-domain of bovine TAFI (45, 52) . Unambiguous solutions were found for the mature enzyme moiety and the inhibitor, but not for the prodomain. These calculations confirmed the presence of just two complexes in the asymmetric unit and entailed that the value of the associated Matthews-coefficient (V M ϭ 7.1Å 3 /Da) and the solvent content (83%) were at the very far end of the distribution usually found in protein crystals. In general, such high values correlate with poorly diffracting crystals and high-symmetry space groups, as is the present case (67, 68) .
Given the low resolution of the diffraction data, only rigid body refinement of the correctly placed molecules and TLS-refinement were carried out. These calculations rendered final R factor and R free values of 31.3% and 32.0%, respectively, which account for an essentially correct solution (Table 1 ). All crystallographic contacts required for the integrity of the crystals were performed by the catalytic moiety (through a local non-crystallographic 2-fold axis) or the latter plus the inhibitor moiety (crystallographic contacts), leaving large cavities spanning over 200 Å in diameter left to bulk solvent (Fig. 6 ). The final structure shows that the complex between the catalytic moiety of TAFI and TCI is indistinguishable from the one found in the TAFIa-TCI complex (52, 53) . Briefly, TAFI conforms to the ␣/␤-hydrolase fold of zymogens of the M14 family of MCPs (2, 3) . The protein inhibitor contacts the active site of the mature enzyme moiety through its C-terminal domain and an exosite through its N-terminal domain, thus explaining its high inhibitory efficiency (49) . The N terminus of the catalytic moiety points into the solvent area and this provides a reasonable explanation for the absence of a Patterson-search solution for the pro-domain: the latter, connected by a flexible linker with the catalytic moiety, would point toward the bulk solvent and would not participate in any crystal contact, thus potentially adopting a number of possible positions (Fig. 7) .
DISCUSSION
The intrinsic proteolytic activity of TAFI was inhibited by three different protein MCP inhibitors, PCI, LCI, and TCI. In addition, TAFI bound to these inhibitors when immobilized on NHS-activated Sepharose. The interaction between TAFI and TCI appeared to be the strongest based on the late elution during the pH step gradient, and the resistance of the complex to both non-denaturing PAGE and size-exclusion chromatography. It is worth noting that PCI, LCI, and TCI exert the same inhibitory mechanism toward their target MCPs, with the C-terminal tail being the primary binding site of the inhibitors. The latter docks into the active site of the enzyme in a substrate-like manner, forming a productive enzyme-inhibitor complex (3). This interaction results in the release of the C-terminal amino acid residue upon complex formation (3) . In the present work, the C-terminal residues of PCI, LCI, and TCI had all been trimmed upon dissociation from TAFI, substantiating the authenticity of complex formation. Such binding might only be feasible for high-affinity protein inhibitors and/or substrates, which give rise to productive complexes. However, further studies are required to decipher this in detail. The TAFI-TCI dissociation constant K d was determined to be between 1.8 nM (SPR data) and 19 nM (ITC), confirming a tight binding and thus motivating further evaluation of the interaction by structural analysis. The crystallized complex resembled the previously published complex between the proteolytically activated TAFIa variant and TCI (52) , but diffracted at much lower resolution. Inhibition of TAFI by TCI was accomplished through tight binding of the C-terminal domain of the inhibitor to the active-site cleft, thus abolishing any residual enzymatic activity. Additional binding of the N-terminal inhibitor domain to an exosite contributed to tight binding. Accordingly, we can conclude that TCI forms a strong complex with TAFI, equivalent to the complex formed between TCI and TAFIa (52, 53) . The binding similarly involves a double-headed interaction that anchors the inhibitor to the surface of TAFI in a successful competition with the pro-domain. The interaction displaces the pro-peptide from its position, allowing it to be loosely linked to the enzyme-inhibitor complex (see Fig. 7 ). It is conceivable that interactions between the pro-domain and other proteins may influence its position relative to the mature enzyme moiety and therewith the proteolytic activity of TAFI, particularly in light of the unusual structural flexibility of the pro-domain demonstrated in the current study. Because protein MCP inhibitors eliminate the activity of both TAFI and TAFIa, it is difficult to design experiments that distinguish between the activities of the two forms. Consequently, studies with MCP inhibitors against TAFIa activity to argue that TAFI activity is irrelevant will have to be reconsidered (69, 70) .
In summary, we show that protein MCP inhibitors form authentic complexes with TAFI, inhibiting its intrinsic activity. TAFI cleaves the C-terminal residues of such inhibitors once bound. However, its action toward endogenous substrates and the derived physiological implications remain to be ascertained. The structure analysis of the TAFI-TCI complex reveals that the pro-domain is displaced by the inhibitor. The pro-domain has in this way the capacity to flip away from its position as a gatekeeper of the active site, unlocking the access to the active site residues. In this context, it should be considered whether interactions with endogenous factors may aid in this relocation, regulating the proteolytic activity of TAFI itself in vivo. FIGURE 6 . Stereo animation displaying the crystal packing of the TAFI-TCI complex. Two complexes are present in the asymmetric unit of the cubic crystal form and one such complex is highlighted by a cyan ellipse. The respective glycosylated pro-domains are present in the crystals, but are disordered. The arrow pinpoints the width of the solvent channels in the crystal structure. 
